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[57] ABSTRACT

- A photographic printer having a CRT for illuminating

an original with a flying spot to print an image of the
original on a photographic material is provided with a
digital filter for filtering video signals of the original in
digital form to cancel the persistency effect of the CRT.

- An image signal processing device processes the video

signals for color and gradation corrections, and a con-
trolling device controls the CRT to cause the flying
spot to have its luminance varied according to the im-
age—processed video signals. The video signals after

image processing are displayed on a monitor for visual
inspection.

15 Claims, 4 Drawing Sheets
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~ PHOTOGRAPHIC PRINTER HAVING A CRT FOR
ILLUMINATING AN ORIGINAL WITH A FLYING
SPOT TO PRINT AN IMAGE OF THE ORIGINAL

BACKGROUND OF THE INVENTION

The present invention relates to a photographic
printer in which a CRT is used as a light source for
making a print from an original.

There have been known photographic printers hav-
ing CRTs as light sources for illuminating an original
such as a negative film or a positive film from which
prints are made. In such a photographic printer, the
negative film is scanned with a flying light spot pro-
duced by the CRT. the luminance of which is con-
trolled to transform the gradation, in particular the
contrast, of an image to be printed. One such photo-
graphic printer is disclosed in. for example. Japanese
Patent Publication No. 45-5336. The photographic
printer disclosed in the above-mentioned Japanese Pa-
tent Publication is provided with a half mirror in the
printing path between the negative film and a photo-
graphic material to reflect part of a flying spot pro-
duced by the CRT and passed through the negative film
to provide a luminance control signal with which the
flying hght spot of the CRT is controlled in luminance.

Another photographic printer, disclosed in Japanese:

Unexamined Patent Publication No. 58-66,929 uses
three separate CRTs for red, green and blue light, each
of which scans a color original with a flying spot to
determine the exposure, provide a particular illumina-
tion pattern, and print an image on a photographic ma-
terial. In scanning for determining the exposure, the
CRT is excited in such a way that the phosphor screen

of the CRT emits light with a standard luminance. The

light spot from the CRT is passed through the color
original and detected separately by red, green and blue
light measuring means so as to provide three color
video signals. From the video signals, image character-
istic values, for example a maximum density, a minimum
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density and a mean density are extracted to obtain the

density difference between the maximum and minimum

densities, by color. Then. a control signal is provided
for each color to make the density difference coincide
with a standard value. In scanning to provide the illumi-
nation pattern, the CRT is controlled with the control
signal to provide a flying spot with a controlled lumi-
nance. The flying spot passed through the color original
is measured by light measuring means, by color. to
~ provide video signals which are memorized in a mem-
ory to provide a particular illumination pattern which is
similar to a blurred image of the original. In scanning
for printing, the color original is placed in contract with
the CRT so as to be illuminated by the CRT. The lumi-
nance of the flying spot of the CRT is controlled ac-

cording to the video signals read out from the memory

and the exposure time is controlled according to the
mean density. In this way, an image of the color original
illuminated with the blurred image illumination pattern
is exposed on the photographic material.

For making prints with well controlled color balance
and gradation. a photographic printer may be provided
with a color monitor to display the color image to be
printed for simulation and visual inspection. Such a
photographic printer with color monitor is disclosed in,
for example, U.S. Pat. No. 4,668,082.

One problem with the prior photographic printer is
that the use of high CRT luminance, although advanta-
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geous in order to reduce the exposure time. results in
long image persistency. Therefore, when causing the
CRT to produce a high luminance flying spot for the
purpose of reducing the exposure time, the video signal
provided for each point of the original scanned by the
flying spot is affected by the after image of the last
scanned point, resulting in a low SN ratio of the video
signal due to the persistency of the previous video sig-
nal.

Another problem in the prior photographic printer is
the difficulty of gradation correction. This is due to the
fact that, in the prior photographic printer, gradation
correction is effected by transferring contrast. Further-
more, since gradation correction is made linearly with
respect to the transmittance of an original, it is difficult
to correct the gradation non-linearly in order to effect a

~correction (which is usually linear with respect to den-

sity) which is necessary to conform to human sensory
perception. or to correct for under exposed or over
exposed originals.

Further, the photographic printer with built-in moni-
tor 1s used not only to make prints but to inspect the
original before printing and is capable of correcting for
changes in the luminance of a halogen lamp due to
aging, because the halogen lamp is commonly used in
printing and inspecting. However, it is difficult in this
photographic printer to correct for the shading which is
produced due to the gradation characteristic of the

halogen lamp and/or the optical characteristic of the
printing lens.

OBJECTION OF THE INVENTION

It 1s, therefore, an object of the present invention to
provide a photographic printer which can make use of
a high luminance CRT while avoiding the persistence
effect of the video signals.

It i1s another object of the present invention to pro-
vide a photographic printer which can make chroma
and gradation corrections and which permits visual
inspection of the chroma and gradation corrected im-
age.

It is still another object of the present invention to

provide a photographic printer which can effect shad-
Ing correction.

SUMMARY OF THE INVENTION

To accomplish the above and other objects, the pres-
ent invention provides a photographic printer with a
CRT light source for illuminating an original such as a
positive film or a negative film with a flying light spot,
which is provided with a digital filter for filtering the
video signals after the same have been transformed into
digital form. so as to cancel the effects due to persis-
tency of the CRT.

According to a feature of a preferred embodiment of

~ the present invention the photographic printer is pro-

65

vided with means for processing the filtered video sig-
nals and means for controlling the CRT to scan the
original with a flying spot having its luminance varied
according to the image-processed video signals when
making a print. The CRT is controlled to generate a
desired pattern of illumination in consideration of the
shading characteristics of the CRT. the printing lens,
etc. |
According to another feature of the preferred em-
bodiment of the present invention, the photographic
printer is provided with a mirror for reflecting the fly-
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ing spot passed through the original, means for measur-
ing the flying spot reflected by the mirror to provide
video signals of the original in three colors, an A/D
converter for converting the video signals into digital
form, by color, a frame memory for memorizing the 5
digital video signals, by color, means for effecting
chroma correction for the video signals. means for ef-
fecting a non-linear gradation correction for the chro-
ma-corrected video signals, 2 monitor for displaying the
gradation corrected video signals as a visual image
thereon, and means for controlling the CRT to generate
a modified illumination pattern according to the chroma
and gradation-corrected video signals.

Owing to the provision of the digital filter, it becomes
possible to make use of high CRT luminance without
creating an effect due to the persistency of the CRT.
This results in a shortened exposure time for printing.
Furthermore, since the video signals are displayed on
the monitor after being filtered, the image displayed on
the monitor is quite vivid. Since the correction of both
chroma and gradatior!' can be effected while v1sually
inspecting an image displayed on the monitor, it is easy
to make a print having well corrected chroma and gra-
dation. As a result, efficient printing can be conducted

because of the greatly reduced number of substandard
prints.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram showing the
photographic printer according to a preferred embodi-
ment of the present invention;

FI1G. 2 1s a time chart showing the sequence of the
printing operations performed by the photographic
printer of FIG. 1;

FIG. 3 is a schematic block diagram showing the
photographic printer according to another preferred
embodiment of the present invention;

FIG. 4 is a graph showing a luminance curve of a
CRT;

FIG. 5 1s a graph showing characteristic curves of
table data for a first gamma correction LUT;

FIG. 6 is a graph showing characteristic curves of
table data for a second gamma correction LUT:

FIG. 7 is a graph showing a characteristic curve of 45
table data for a display LUT; and

FIG. 8 1s a graph showing a characteristic curve of
table data for a CRT illumination control LUT.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIG. 1 showing the photographic
printer according to a preferred embodiment of the
present invention, there is provided a black-and-white
CRT 1 for displaying a black-and-white image thereon.
Above the black-and-white CRT 1. there is a photosen-
sitive material such as color photographic paper 2 in the
form of a roll which is withdrawn by means of a pair of
rollers 3 so as to be placed in an exposure station defined
by a framing mask 4. After the exposure of a predeter- 60
mined number of frames, the exposed photographic
paper 2 is cut into a single strip by a cutter 5 and sent to
a photographic processing section 7 by a pair of rollers
6. In the photographic processing section 7, the strip of
exposed photographic paper 2 is subjected to necessary 65
development processing and. thereafter, cut into indi-
vidual prints by a cutter 8. These prints are dehvered to
an external tray 9.
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In the photographic printer, the black-and-white
CRT 1 1s used as a light source to illuminate an original
film such as a color negative film 11. To hold the color
negative film 11 flat. there is provided a framing mask
12 which is actuated by a solenoid (not shown) to press.
down on the color negative film 11. It will be under-
stood that prints can be made from a color reversal film
by using color reversal photographic paper and a devel-
oper for the color reversal photographic paper.

Between the black-and-white CRT 1 and the color
photographic paper 2, there is a printing lens 13. Above
the printing lens 13 there are three color filters, namely
red (R), green (G) and blue (B) filters 15, 16 and 17
which are driven by a filter control 18, each color filter
being insertable into the printing path 19 independently
of the other two so as to make a print from the color
negative film 11 according to a three color frame se-

~ quential exposure technique.

Disposed between the printing lens 13 and the mask-
ing frame 4 is a shutter 20 controlled by a shutter con-
troller 21. The shutter will open and close three times,
once for each color, for each exposure. In the printing
path between the black-and-white CRT 1 and the print-
ing lens 13, there is removably disposed a reflection
mirror 23 pivotally mounted on a shaft 232 at an angle
of 45° with respect to the printing path 19 to reflect and
direct the light from the black-and-white CRT 1 toward
an image inspection system which will be described in
detail later. This mirror 23 is displaced from the printing
path 19 and placed in the position shown by a broken
line in FIG. 1 when making a print. In place of the
reflection mirror 23, a half mirror may be stationarily
provided in the printing path 19.

The light reflected by the mirror 23 is focused on a
photomultiplier tube 31 through a focusing lens 29 and
a field lens 30 disposed in an image inspection path 24.
Further disposed in the image inspection path 24 are
three primary color filters, namely red (R), green (G)
and blue (B) filters 25, 26 and 27 used in light measure-
ment. Each color filter 25, 26, 27 is controllably insert-
able into the image inspection path independently of the
other two under the control of a filter controller 28.

The photomultiplier tube 31 photoelectrically con-
verts the light passing through the color negative film,
which is scanned with the flying spot. Since the output
from the photomultiplier 31 is of low level, there is
provided an amplifier 32 to amplify the low level out-
put. The amplified output is sent to an A/D converter
33 for analog-to-digital conversion. A digital filter 34 of
the non-recursive type is provided to cancel signal ele-
ments due to the persistence of the phosphor screen of
the CRT 1 so as to provide an ideal impulse response. In
more detail. the digital filter 34 functions to eliminate
distortions due to the long residency time of the phos-
phor screen of the CRT 1. The construction of the filter
34 is itself well known in the art. For example, the filter
34 may be of the type described in “Recent AV Devices
and Digital Techniques”, Corona Publishing Co. Ltd.,
Dec. 10, 1986, pp. 28-31, the disclosure of which is
hereby incorporated by reference. A non-recursive
filter of simple structure is used. The filter includes a
data RAM used as a delay-line memory. a ROM for
memorizing a plurality of coefficients, a multiplier for
multiplying a data group from the RAM by the coeffici-
ents, an adder circuit and an output latch. The data
RAM memorizes a number N. for example four. units of
data. When a unit of data is entered. the first unit of data
in the RAM is read out and is multiplied by a first coeffi-
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cient read out from the ROM. The resulting product is
- added to the previous product, and the resultant data is
latched in the output latch. In this manner, four such
products are added, and latched into the output latch, in
a manner so as to cancel out the persistence effect of the
phosphor screen. The device thus functions as a low-
frequency after-image cancelling filter which eliminates

signal distortions due to the persistence or residency -

time of the scanned phosphor screen.

A. frame memory section 36 comprises three frame
memories. one for each color, for holding therein video
signals selected by a selector switch 37. A CRT control-
ler 38 provides a CRT driver 53 for the CRT 1 with
‘synchronizing signals. and provides the frame memory
‘section 36 with address signals corresponding to scan-
ning points on a raster. Using the address signals. the
frame memory section 36 writes in video signals therein.
After the completion of writing in the video signals for
the three colors, the video signals are read out from the
frame memory section 36 and sent to an image process-
Ing section 41 for gradation and color correction, nega-
tive-to-positive conversion and digital-to-analog (D/A)
signal conversion. |

The processed video signals are transferred to a color
monitor 43 such as a color CRT through a driver 42 to
display the video signals as a color positive image on the
screen. It will be apparent that, when making a print
from a color reversal film, no negative-to-positive con-
version is conducted in the image processing section 41.

An illumination pattern memory 44 is provided to
memorize data to control the illumination pattern of the
CRT 1 to emit light so as to suitably correct for shading
caused by the printing system. The illumination pattern
data which is given by, for example, the curve shown in
FIG. 4 1s read out using an address signal provided by
the CRT controller 38 and is transmitted to a driver 39
after digital-to-analog signal conversion in a D/A con-
verter 46.

Connected to a central processing unit (CPU) 48 is a
keyboard 47 provided with a power switching key, a
printing key, density correction keys, color correction
keys and so forth to enter necessary instructions for the
CPU 47. The controller 35 performs a programmed
sequence of operations to control the image processing
section 41, the CRT controller 38, the filter controllers
18 and 28, the shutter controller 21, the three way selec-
tor switch 37, the pattern memory 44, etc.

Reference is now made to FIG. 2 for explaining the
operation of the video printer shown in FIG. 1. Before
‘entering instructions through the keyboard 47, the color
negative film 11 is set in the negative carrier 10 and
pressed down by the framing mask 12.

When the power key of the keyboard 47 is operated,
- the mirror 23 is brought into the printing path 19 at an
angle of 45° to start the negative inspection mode. Si-
multaneously. the CRT controller 38 reads out illumina-
tion pattern data from the pattern memory 44 to excite
the CRT 1 to continuously emit light in a selected illum-
ination pattern for a certain time period. At the begin-
ning of the negative inspection mode, the red filter 25 is
inserted into the inspection optical path 24 and the se-
lector switch 37 selects the frame memory 36a to be-
come ready for reading a red image. Immediately after

the insertion of the red filter 25, the spot reflected by the

mirror 23 1s directed to the photomultiplier tube 31
through the lenses 29 and 30 and the red filter 25. The
photomuiltiplier tube 31 photoelectrically converts the
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amplified by the amplifier 32 and then converted into
digital form by the A/D converter 33. The digital video
signals are sent to the digital filter 34 and filtered therein

to eliminate distortions due to the persistence of the

phosphor screen of the CRT 1. The red video signals

from the digital filter 34 are transferred to the frame
memory 36a selected by the selector switch 37. The
CRT controller 38 provides and sends address signals
corresponding to positions of the phosphor screen of
the CRT 1 scanned with the flying spot to the frame
memory 36a. Therefore, the frame memory 36a writes
in the red video signals for one frame at the indicated
addresses. |

After replacing the red filter 25 with the green filter
26. the photomultiplier tube 31 receives the light re-
flected by the mirror 23 through the lens 29 and 30 and
the green filter 26 and transforms the light into time
serial video signals. After having been subjected to
analog-to-digital signal conversion in the A/D con-
verter 33, the digital video signals are written in a2 mem-

‘ory area 36b of the frame memory 36 selected by the
selector switch 37.

In the same way. digital video signals for blue light
are written 1n an area of the frame memory 365 selected
by the selector switch 37. It is permissible to provide
three light receiving devices and three sets of red, green
and blue filters, one set for each light receiving device.
to simultaneously detect the digital video signals for all
three colors. The three color video signals written in
the frame memory 36 are transmitted to the image pro-
cessing section 41 for the purpose of image processing

- such as negative-to-positive image conversion and color

35
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30

and gradation corrections. After such image processing,
the video signals are sent to the color monitor 43
through the driver 42 to display a positive color image.
This positive color image is clearly displayed on the
color monitor 43 without distortion.

During visual inspection of the color image displayed -
on the color monitor 43, if color failure and/or density
failure is observed, the density correction keys and/or
the color correction keys of the keyboard are operated
to enter suitable correction values. Consequently, the
CPU 48 writes corrected table data in the image pro-
cessing section 41 to display a corrected color image.
The CPU 48 controls the exposure times according to
the correction values when printing.

When the image displayed on the color monitor 32 is -
found suitable to be printed, the print key of the key-
board 47 is operated to conduct the photographic print-
ing mode. As a result of the operation of the print key,
the mirror 23 is removed from the printing path 19 and
the CRT 1 emits light in an illumination pattern memo-

- r1zed in the pattern memory 44. When the red filter 15

33

65

red light into time serial video signals which in turn are

is placed in the printing path 19, the CPU 48 controls
the shutter 21 to open for an exposure time suitable for

- red, exposing the color photographic paper 2 to the red

image.

After the exposure of the photographic paper to the
red image, the shutter 20 is closed and the red filter is
replaced with the green filter 16. Then, the shutter 20 is
opened again to expose the color photographic paper 2
to a green image. In the same way, the color photo-
graphic paper 2 is exposed to a blue image. As a result,
color latent images are formed on the color photo-
graphic paper 2 by sequential exposure.

The photographic printing mode and the image in-
spection mode are alternatively repeated for a number
of frames of the color negative film 11. After the com-
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pletion of printing of a predetermined number of image
frames of the color negative film 11, the cutter S is

actuated to cut the exposed part of the color photo-

graphic paper 2 into a print strip. This print strip is sent
to the photographic processing section 6 by the rollers
7 for necessary processing. Then, the print strip is cut
into individual prints by the cutter 8 and delivered to
the tray 9. |

FIG. 3 shows a photographic printer according to
another preferred embodiment of the present invention,
which has a special masking function. Three color
video signals written into the frame memories 36a to 36¢
of the memory section 36 are sent to a logarithmic trans-
forming look-up table memory (hereinafter referred to
as an LUT) 51 by color. The LUT 51 provided for each
color memorizes logarithmic transformation table data
for logarithmically transforming a signal proportional
to the intensity of light passed through the color nega-
tive film 11 to provide a signal proportional to the den-
sity of the color negative film 11. The density-propor-
tional signal is sent to a chroma correction section 52.
By shifting the level of each logarithmic transformation
look-up table memory 51. gradation correction is made
linearly.

The chroma correction section 52 comprises three
LUTs, one for each color, and an adder. Each LUT
memorizes table data, which is input data multiplied by
a coefficient matrix. The adder adds outputs from the
LUTs by color. In the chroma correction section, a well
known matrix operation is performed to correct for the
difference between the spectral sensitivity of the color
photographic paper 2 and the spectral transmittance of
each exposure color filter 15, 16, 17. Table data correc-
tion in the chroma correction section 52 is effected by
the CPU §3. Specifically, there are provided in ROM 54
several different 33 matrix coefficients which are
selected by operating chroma correction keys 564 of the
keyboard 56 to designate a desirable channel. Inputs to
the chroma correction section are multiplied by the
selected matrix coefficients to provide nine look-up
table data, three for each color, which are written in
look-up table memories to change the correction values
for chroma correction. |

The three color video signals after chroma correction
are sent to both a monitor system and a CRT illumina-
tion control system. The monitor system comprises, as
will be described later, a first gamma () correction
LUT 57 provided for each color, a display LUT 58, a
negative-to-positive conversion circuit 59, a D/A con-
verter 60 and a color monitor 43. This color monitor 43
- displays a simulated color positive image appearing on a
print. The CRT illumination control system comprises a
second gamma (y) correction LUT 61 for making
gamma correction by color, an illumination control
LUT 62, an illumination pattern memory 63, a D/A
converter 46, a driver 39, a CRT controller 39 and a
CRT 1.

The first and second gamma correction LUTs 57 and
61 are provided to amplify signals input thereto so as to
effect a gradation correction, respectively. When the
gamma correction key 36b of the keyboard is operated
to enter a necessary correction value, the CPU 53 shifts
the standard table data in the ROM 54 and writes the
shifted table data in both the first and the second gamma
correction LUTs 57 and 61. Specifically, the ROM 54
carries table data as shown in FIG. 5 for the first gamma
correction LUT §7 and table data as shown in FIG. 6
for the second gamma correction LUT 61. The CPU 53
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writes data in the first and the second gamma correction
LUTs 87 and 61. If it is unnecessary to make any gamma
correction, the CPU 53 writes data (a) of FIG. 5 in the
first gamma correction LUT 57 and data (a) of FIG. 6
in the second gamma correction LUT 61. When making
a gradation correction to provide a high contrast image,
data (b) of FIGS. 5 and 6 are written in the first and the
second gamma correction LUTs 57, 61, respectively.
On the other hand, when making a gradation correction
to provide a lower contrast image. data (c¢) of FIGS. 5
and 6 are used.

The video signals sent to the monitor system are input
into the display LUT 58 through the first gamma cor-
rection LUT 57. In display LUT 58, table data illus-
trated by the characteristic curve shown in FIG. 7 are
written in order to display an image simulating the
S-like gradation characteristic of the color photo-
graphic paper 2 on the color CRT 43. By processing the

- video signals in the display LUT 58, a color image
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which is quite similar to the image uitimately printed on
the color photographic paper 2 can be simulated on the
color monitor 43. As is apparent from FIGS. 5 and 7,
the gradation correction is non-linear in the display
LUT 358 but linear in the first gamma correction LUT
7. It 1s permissible to provide a single LUT representa-
tive of the combined characteristics of the LUTs 57 and
38 with which the video signals, after chroma correc-
tton. are corrected in gradation non-linearly.

The video signals sent to the CRT illumination con-
trol system are selected by color by means of a switch
64 diagrammatically shown in FIG. 3 and transmitted to
the second gamma correction LUT 61. The illumination
control LUT 62, wherein table data representative of
the characteristic curve shown in FIG. 8 is written,
performs a signal conversion for the video signals after
chroma and gamma corrections have been performed.
It is also permissible to provide a single LUT represen-
tative of the combined characteristics of the LUTs 61
and 62.

The switch 66 diagrammatically shown in FIG. 3 is
controlled by the CPU 53 to select contact “a” when it
1s desired to measure the color negative film 11 or
contact “b” when it is desired to display a printing
pattern on the CRT 1. The measuring illumination pat-
tern memory 63 connected to the contact “a” is ad-
dressed by the CRT controller 38 to read out illumina-
tion pattern data when measuring the color negative
film 11. The illumination data is converted into an ana-
log form by the D/A converter 46 and then sent to the
driver 39. The illumination pattern data is used to cor-
rect shading occurring due to the CRT 1 and the lens
29. A light measuring pattern or printing pattern is
displayed on the CRT 1 through the D/A converter 46
and the driver 39.

The keyboard 56 includes a power key 56¢, a print
start key 564, chroma correction keys 564 and gamma

- correction keys 560 for entering the necessary com-

65

mands. The CPU 53 executes a programmed sequential
control operation for the frame memory 36, chroma
correction section 52, first gamma correction LUT 57,
second gamma correction LUT 61, CRT controller 38,
and switches 37, 64 and 66.

Reference is again had to FIG. 2 for describing the
operation of the photographic printer according to this
preférred embodiment of the present invention. Upon
turning the power switching key 56¢ on, the negative
inspection mode is initiated and the mirror 23 is inserted
Into the printing path 19 at an angle of 45°, The CPU 53
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reads table data suitable for making a normal color
correction in the chroma correction section 52 and table
data, such as table data (a) shown in FIGS. 5 and 6
suitable for making a normal gradation correction in the

first and second gamma correction LUTs 57 and 62,
respectively.

Thereafter, the CPU 53, operates the switch 66 to

14,942,462

connect the contact “a” so as to read out a pattern signal

- from the measuring illumination pattern memory 63 and
sends it to the CRT 1 through the D/A converter 46
and the driver 39. Consequently, the CRT 1 is excited to
emit light in an illumination pattern suitable for the
measurement, for a predetermined time period. At this
time, the light detecting red filter 25 is placed in the
light path 24 and the switch 37 selects contact “a” so as
to. connect the frame memory 364 to receive the red
image. As a result, red video signals for one frame are
written in the frame memory 36a. In the same way.
- video 1mages are written in the frame memories 365 and
36¢ for green and blue in that order.
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The three golor video signals written in the frame

memory 36 are sent to the logarithmic transformation
LUT 31 to provide three color density signals which
are then sent to the chroma correction section 52. In the
chroma correction section 52, normal chroma correc-
tion is made by the matrix operation. After the chroma
correction, the video signals are sent to the first gamma
correction LUT 57, where the video signals are cor-
rected in gradation using the characteristic line (a)
shown in FIG. 3. Then, in the display LUT 58, the
video signals are corrected in gradation per the charac-
teristic curve shown in FIG. 7. After these corrections,
the video signals are sent to the color monitor 43
through the negative-to-positive reversal circuit 59 and
the D/A converter 60 to display the color positive
image to be printed. |

The color positive image on the color monitor 43 is
visually inspected to judge whether chroma and grada-
tion are properly corrected or not. If the color image is
improper in chroma, the chroma correction key 56a is
operated to select a data channel for reading out desired
coefficient data to provide a new set of table data which
1s written in the LUT of the chroma correction section
52. With the new set of table data. the video image is
corrected in chroma and displayed as a color positive
image on the color monitor 43.

On the other hand, if the color image displayed on the
color monitor 43 is improper in gradation. the gamma
correction key 560 is operated. When a high contrast

image is desired. table data having the characteristic (b)

shown in FIG. 5 is written in the first gamma correction
LUT 57 and table data having the characteristic (b)
shown in FIG. 6 is written in the second gamma correc-
tion LUT 61. In the same way, table data having the
characteristics (¢) shown in FIGS. 5 and 6 is written in
the first and second gamma correction LUTs, respec-
tively, when a lower contrast image is desired. It is to be
noted that since gamma correction is effected by color,
color balance correction is simultaneously executed.
The video signals corrected in gradation with the new
table data are sent to the color positive image on the
color monitor 43. Such correction procedures are re-
peated until an ideal color image is displayed on the
color monitor 43.

When the color image is judged to be proper for
printing the print start key 564 of the keyboard 56 is
operated to inttiate the printing mode. Consequently,
the CPU 53 controls the switch 66 to select the contact
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“b” so as to connect the CRT 1 to the CRT illumination
control LUT 62 and the switch 64 to select at first, for
example, the contact “a” so as to select red video sig-
nals. The mirror 23 is removed from the printing path
19 and, thereafter, video images in the frame memory 36
are read out and sent to the chroma correction section
52 and the first and second gamma correction LUTs 57
and 61 for chroma and gamma corrections.

The switch 64 receives the video signals for red and
sends them to the CRT emission control LUT 62
through the second gamma correction LUT 61. Conse-
quently, the CRT emission control LUT 62 processes
the video signals for red according to the table data
shown in FIG. 8 and, then, transmits the same to the
driver 37 through the D/A converter 46 so as to excite
the CRT 1 so as to scan the phosphor screen according
to the video signals corrected in chroma and gradation,
to thereby form a raster luminance pattern. As de-
scribed above, because the CRT 1 forms an illumination
pattern controlled in luminance by the video signals as
filtered and as subjected to chroma and gamma correc-
tion after the logarithmic transformation. the CRT 1

emits light with a suitable illumination pattern, resulting

in a print with a highly vivid image.

Immediately after the initiation of emission of light
from the CRT the red exposure filter 15 is brought into
the printing path 19 and the CPU 53 causes the shutter
controller 21 to open the shutter 20 for an exposure time
suitable for red. so as to form a red latent image on the
color photographic paper 2. If the luminance pattern of
the CRT 1 includes, for example a part where the lumi-
nance is lower than that of the brightness pattern of the
light passed through the color negative film 11 when
the color negative film 11 was measured, such part of
the image will be printed with a red density lower than
ordinary.

After the exposure for red. the shutter 20 is closed
and the red exposure filter 15 is replaced with the green
exposure filter 16. Simultaneously, the switch 64 is con-
trolled to select the contact “b” to retrieve the video
signals for green. In the same way as for red, a green
latent image is formed over the red latent image on the
color photographic paper 2. Thereafter, the blue expo-
sure filter 17 i1s placed in the printing path 19 and the
switch 64 1s controlled to select the contact “c” to re-
trieve the blue video signals. As with red and green, a
blue latent image is formed over the red and green
latent images on the color photographic paper 2. In this
way, an image corrected in chroma and gradation is
formed on the color photographic paper 2 by a three
color frame sequence exposure. After exposures for the
three colors, the printing mode is terminated. It will be
noted that the standard data are rewritten in the chroma
correction section 42, and in the first and second gamma
correction LUTs 46 and 55, respectively at the end of
the exposure of each frame.

In the above-described embodiments, the video sig-
nals for one frame are filtered by a digital filter 34 to
cancel the persistence effect of the CRT and are dis-
played on a color monitor for visual inspection or used
to control the luminance pattern with which the CRT
makes an 1llumination raster. The present invention can
be applied to make a single print, such as index prints,
including a plurality of invalid images reduced in size.
In this case, video images for a plurality of frames are
electronically reduced in size and composed and the

compostite video signals displayed as a composite image
on the CRT.
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In the photographic printer according to the present
Invention, an original to be printed is scanned with a
flying spot generated by the CRT to provide video
signals which are converted into digital form and, then,
filtered by a digital filter, making it possible to make use
of any type of CRT without considering its persistence
characteristic. Therefore, a high luminance CRT can be
used, so that the printing exposure time is shortened and
the printing cost is lowered. |

Furthermore, according to the present invention,
since video signals, after being filtered by a digital filter
and subjected to various image processing steps, are
displayed as a visible image on a monitor, a vivid image
can be displayed independently of the persistence of the
CRT used.

Still further, since the CRT is controlled in luminance
based upon video signals which have been subjected to
image processing and are independent of CRT persis-
tence, a high accuracy brightness pattern of the illumi-
nation light can be obtained.

Although the present invention has been fully de-
scribed by way of preferred embodiments thereof with
reference to the accompanying drawings, it will be
apparent to those skilled in the art that various changes
and modifications of these embodiments are possible
without departing from the scope of the invention.

What is claimed is:

1. A photographic printer having a CRT for illumi-
nating an original to print an image of said original on a
photographic material, said printer comprising,

a mirror disposed in a printing path between said

CRT and said photographic material for reflecting

- light passed through said original;

light measuring means for measuring said reflected

- light to provide a plurality of video signals;
means for converting said video signals into digital
form:

a digital filter for filtering said digital video signals to
cancel a persistency effect of said CRT; and

a frame memory for memorizing the filtered digital
video signals.

2. A printer as defined in claim 1. wherein said mirror
i1s movable into and out of said printing path between
said CRT and said photographic material.

3. A printer as defined in claim 1 further comprising
three color filters, each being insertable between said
mirror and said light measuring means independently of
the other two so as to permit separate measurement of
said video signals by color.

4. A photographic printer having a CRT for illumi-
nating an original with a flying spot to print an image of
said original on a photographic material, said printer
comprising:

a mirror removably disposed in a printing path be-
tween said photographic material and said CRT for
reflecting said flying spot passed through said orig-
inal;

light measuring means for measuring said reflected
spot to provide video signals corresponding to said
original; |

an A/D converter for converting said video images
into digital form;

a digital filter for filtering said digital video signals to
cancel a persistency effect of said CRT;

logarithmic transformation means for transforming
said digital video signals into density signals;
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a frame memory for memorizing said video signals
either before or after said logarithmic transforma-

~ tion of said video signals; -

image processing means for processing the video
signals read out from said frame memory; and

monitor means for displaying said video signals as a
visible 1mage.

S. A printer as defined in claim 4, wherein said origi-
nal is a color original and said frame memory memo-
rizes said video signals separately for each of three
colors.

6. A printer as defined in claim §, wherein said image
processing means comprises means for effecting chroma
correction of said video signals and means for effecting
gradation correction of the chroma corrected video
signals.

7. A photographic printer having a CRT for illumi-
nating an original with a flying spot to print an image of
said original on a photographic material, said printer
comprising: -

a mirror removably disposed in a printing path be-
tween said CRT and said photographic material for
reflecting said flying spot passed through said orig-
inal: |

light measuring means for measuring said reflected.
spot to provide video signals corresponding to said
original; |

an A/D converter for converting said video signals
into digital form;

a digital filter for filtering said digital video signals to
cancel a persistency effect of said CRT;

logarithmic transformation means for transforming
said digital video signals into density signals;

memory means for memorizing said video signals
either before or after said logarithmic transforma-
tion;

image processing means for processing video signals
read out from saild memory means, to provide
image processed video signals; and

control means for controlling said CRT to provide
said flying spot with a luminance determined by
said 1mage processed video signals when making a
print of said original.

8. A printer as defined in claim 7, wherein said mem-
ory means memorizes said video signals separately for
each of three colors.

9. A printer as defined in claim 8, wherein said image
processing means comprising means for chroma cor-
recting said video signals and means for effecting grada-
tion correction of said chroma corrected video signals.

10. A photographic printer having a CRT for illumi-
nating an original with a flying spot to print a frame of
said original on a photographic material, said printer
comprising:

a mirror disposed in a printing path between said
CRT and said photographic material for reflecting
said flying spot passed through said original;

light measuring means for measuring said reflected
flying spot to provide three color video signals
representing said frame;

an A/D converter for converting said three color
video signals into digital form;

a frame memory for memorizing said three color
digital video signals for said frame; |

means for effecting chroma correction of said three
color digital video signals read out of said frame
memory, using a matrix operation;



4,942,462

13

means for effecting gradation correction of said

chroma corrected digital video signals;

a color monitor for displaying said gradation cor-

rected video signals as a color image thereon; and
control means for controlling said CRT to provide
said flying spot with luminance controlled accord-
ing to said digital video signals as corrected in
chroma and gradation, when making a print of said
frame of said original.

11. A printer as defined in claim 10. further compris-
ing three color filters, each being insertable between
said mirror and said light measuring means indepen-
dently of the other two so that said light measuring
means separately provides said video signals for said
three colors. | |

12. A photographic printer comprising:

a CRT for illuminating an original with a flying spot

to make a print of said original on a photographic
material: |

means for controlling an illumination pattern of said

CRT;
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-a mirror disposed in a printing path between said

CRT and said photographic material for reflecting
said flying spot passed through said original;

light measuring means for measuring said flying spot
reflected by said mirror to provide video signals
corresponding to said original; and |

a monitor for displaying said video signals as a visual
image thereon before making a print of said origi-
nal.

13. A printer as defined in claim 12. further compris-

- ing red. green and blue f{ilters each insertable between

said mirror and said light measuring means indepen-
dently of the other two so as to separately provide said
video signals by color.

14. A printer as defined in claim 12. wherein said
mirror 1S placed in said printing path when monitoring
an image and 1s removed from said printing path when
making a print.

15. A printer as defined in claim 12, wherein said

control means is a memory in which illumination pat-

tern data 1s memorized.
*x ¥ x * ®
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